While normally monitoring the Shinano River water quality, including examinations for mutagenicity, the Niigata Chuetsu Earthquake suddenly occurred on October 23, 2004. However, the influence of this earthquake on the mutagenicity of river water has not yet been well studied. To clarify the regional and seasonal changes in mutagenicity of the Shinano River water, blue rayon was suspended for 24 hrs at 4 sampling sites, once a month from September 2004 through August 2005. Mutagenicity was evaluated by the Ames test using Salmonella typhimurium TA98 (TA98) and TA100 with or without metabolic activation by S9 mixture. To detect and identify poly-aromatic hydrocarbons that may be responsible for the mutagenicity of the river water, we analyzed benzo[a]pyrene, benzophenone, 4-nitrotoluene, or other compounds using gas chromatography-mass spectrometry and total ion chromatogram spectra. Positive manifestations of TA98 with S9 mixture were observed at the 4 sampling sites throughout the 12-month test, showing a tendency to be higher at the downstream site and in winter. However, the highest mutagenicity was observed in the sample collected at the most upstream sampling site in December 2004, and fluoranthene or pyrene consisting mainly in coal tar was detected only in the samples collected in December 2004. Although benzo[a]pyrene, benzophenone, and 4-nitrotoluene were below the detection limits, non-mutagens such as aliphatic hydrocarbons or esters were frequently detected. Our findings indicate that either fluoranthene or pyrene was mainly responsible for the mutagenicity of the river water in December 2004, suggesting the possibility of oil contamination caused by the Niigata Chuetsu Earthquake. the Shinano River water; mutagenicity; the Ames test; gas chromatography-mass spectrometry; total ion chromatogram spectra
rayon (BR) hanging technique and the Ames test to assess regional differences and seasonal variation of mutagenicity in the Shinano River water. In addition, we tried to detect and identify PAHs that may have been responsible for the mutagenicity of the river water using gas chromatographymass spectrometry (GC/MS) with selective ion monitoring (SIM) or a total ion chromatogram (TIC).
MATERIALS AND METHODS

Sample collection
We used the BR hanging technique (Hayatsu 1992 ) to concentrate and isolate adsorbed polycyclic mutagens/ carcinogens from the river water. As shown in Fig. 1 , BR was hung at 4 sites (No. 1, Ojiya City; No. 2, Nagaoka City; No. 3, Niigata City [Zenku] ; No. 4, Niigata City [Bandai]) containing 3 municipal areas (Nagaoka City, population 283,000; Tsubame City, population 83,000, and Sanjo City, population 105,000; Niigata City, population 814,000) to assess the regional differences. A total of 3 g and 0.5 g BR in a plastic net bag was suspended in the river 10 cm below the surface for the Ames test and the chemical analysis, respectively, for 24 hrs. To assess the seasonal variation of the mutagenicity, we performed sampling once a month from September 2004 through August 2005, excluding days when rain might have affected the results. Incidentally, the Niigata Chuetsu Earthquake occurred on October 23, 2004. Because of the Earthquake and the heavy snowfall in winter, BR was not hung in November 2004 or in January and February 2005, respectively.
Measurements of water quality
To evaluate the water quality of the Shinano River, we measured pH, biochemical oxygen demand (BOD), suspended solid (SS), water temperature, and transparency. The measurements of pH, water temperature, and transparency were performed in accordance with the methods described in the Japanese Industrial Standards (JIS) K0102 (Japan Industrial Water Association 1998). Those of BOD and SS values were made using the methods reported by the Ministry of Land Infrastructure and Transport (2006) .
Mutagenicity assay
BRs hung at 4 sampling sites were recovered from the river and then washed with distilled water. After being dried with paper towels, each sample was suspend-The Shinano River is the longest river in Japan, 367 km long and 11,900 km 2 in area. The water flow is about 16 billion m 3 /year, with 30-50% of the water coming from snow falling in the river basin. The river water has been utilized not only as industrial and agricultural water but also as a source of tap water. Since various kinds of domestic and industrial wastewater flow into the river, various mutagens or carcinogens may be present in the water that could be harmful to human health.
River contamination by toxic chemical compounds in Japan has improved since the enactment of the Water Pollution Control Act. However, mutagenicity and carcinogenicity derived from trace compounds in river water have received a lot of attention in terms of their possible effects on human health (Kinae et al. 1992 ).
There have also been studies on the mutagenicity of tap water (Shibuya et al. 1993 ) and of river water and tap water (Sayoto et al. 1993; Tanaka et al. 1993; Komatsu et al. 2004 ) using the Ames test (Maron and Ames 1983) . In other studies, relationships between the mutagenicity of water, bottom sediment, or particulate matter and the concentration of poly-aromatic hydrocarbons (PAHs) have been reported. For example, the mutagenicity of Baltic seawater was tested using Salmonella typhimurium TA98 (TA98) and TA100 (TA100) with and without metabolic activation by S9 mixture (+S9 and -S9, respectively). Mutagenic activity with the strain TA98 was demonstrated in the samples, and PAHs were detected from the seawater and the filter sediment (Zietz et al. 2001) . In samples collected from a layer of debris in the Baltic Sea near Stockholm, PAHs were separated from the toluene extract. The poly-aromatic fraction containing PAHs and other poly-nuclear aromatic compounds showed high mutagenicity (Broman et al. 1994) . In Taiwan, samples containing large amounts of PAHs showed high mutagenicity to strain TA98 -S9 (Chang et al. 1992) . However, there is a paucity of evidence regarding the identification of PAHs with regard to mutagenicity.
In the present study, we investigated the potential mutagenicity of river water using a blue ed in 80 ml of methanol/ammonia water (50 : 1, v/v) for 30 min with gentle shaking. This extraction was repeated three times, and then the mixed eluent was concentrated to dryness in a flask under reduced pressure. After evaporation, the residue was dissolved in 3.0 ml of dimethyl sulfoxide (DMSO), and the sample was then stored in a deep freezer until all the samples for the 12-month test were extracted. Mutagenicity was evaluated using the Ames test with the strains TA98 and TA100, +S9 or -S9. The S9, which was prepared from the livers of Sprague-Dawley rats treated with Aroclor 1254, was purchased from Litton Bionetics, Inc. (Kensington, MD, USA). Two plates per one sample were used in this study. As positive controls, 0.025 μ g of 4-nitroquinoline-N-oxide (4NQO) for TA100 -S9 and 0.2 μ g of 4NQO for TA98 -S9 were used with the direct method, and 0.2 μ g of 2-aminoanthracene (2-AA) for TA100 +S9 and TA98 +S9 was used with the indirect method. A control solvent was used as the negative control. Mutagenicity was evaluated based on the rule reported previously by Claxton et al. (1987) . We judged mutagenicity to be positive when the revertants in the water sample increased more than 2-fold compared with that in the control. Table 1 shows the conditions of the GC/MS analysis. Measurements of benzo[a]pyrene (BAP), benzophenone, and 4-nitrotoluene were performed using GC/MS. Samples for GC/MS analysis were prepared by nearly the same method as that used for the mutagenicity assay. The residue was, however, dissolved in a small amount of dichloromethane and concentrated to 0.3 ml with nitrogen gas. Then, 10 μ l of an internal standard solution containing 100 μ g/ml of nitrobenzene-d 5 , benzophenone-d 10 , or BAP-d 12 was added. Chemical analysis was performed using the GC-17A gas chromatograph and GCMS-QP5050A mass spectrometer (Shimadzu Co., Ltd., Kyoto). We used the software for the GC/MS Solution (Version 1.02, Shimadzu Co., Ltd.) to process the data. Devices were employed as prescribed in each manual, and measurements were performed in accordance with the terms and conditions required by the Japan Environmental Agency (1998).
Chemical analysis
Other compounds eluted from the BR were also analyzed by GC/MS using a TIC. The spectra acquired were identified by the Wiley 6th Edition Library System (Shimadzu Co., Ltd.). Compounds showing a similarity of more than 80% were ferreted out in this analysis. Table 2 shows the results of quality measurements of the Shinano River water. The pH values of the river water were all within the range of acceptable environmental quality standards (EQS) for Japanese river water, which is 5.8-8.6. The BOD values were between 0.5 and 1.7 mg/l, which met the EQS requirement (below 2.0 mg/l). The transparency values were within the range of 5.0-50 cm, with higher values in winter than in summer. Table 3 shows the mutagenicity of the Shinano River water as measured by the Ames test. Although positive results were observed in the test of TA98 +S9 (samples: 35.2 ± 55.2, negative control: 10.0 ± 0.7 revertants/plate), negative values of mutagenicity were shown in the tests of TA98 -S9 (samples: 14.2 ± 39.1, negative control: 8.0 ± 3.5 revertants/plate), TA100 +S9 (samples: 181.2 ± 58.6, negative control: 129.0 ± 0.7 revertants/plate), and TA100 -S9 (samples: 148.5 ± 32.5, negative control: 157.0 ± 6.4 revertants/ plate). The ranges of the standard deviations obtained between duplication were as follows: 0-62.9 revertants/plate for TA100 -S9, 0.7-56.6 revertants/plate for TA100 +S9, 0-13.4 revertants/ plate for TA98 -S9, and 0-19.1 revertants/plate for TA98 +S9. The mutagenicity at the site farthest downstream (No. 4 sampling site) was positive in all the samples except for that taken in May 2005. Fig. 2 Fig. 3 shows the correlation between the number of revertants and water temperature. A significant inverse correlation was observed (r = -0.462, p = 0.002). No significant correlations were found between the number of revertants and the values of transparency, pH, BOD, or SS. Fig. 4 shows the compounds detected in the sample collected at the most upstream sampling site in December 2004 by a TIC. We detected a month-specific peak with a 78-93% similarity to fluoranthene or pyrene at a retention time of 22.9 min. Other compounds were detected at the following retention times: methyl palmitate 17.2 min, methyl palmitoleate 17.3 min, methyl linoleate 19.4 min, n-buthyl isobutyl phthalate 19.6 min, tricosane 19.7 min, tetracosane 20.6 min, dioctyl adipate 22.2 min, bis(2-ethylhexyl) phthalate 24.2 min, tetratetracontane 24.7 min, and squalene 25.5 min. However, the relative intensities calculated from the peak areas of n-buthyl isobutyl phthalate, tricosane, tetracosane, dioctyl adipate, bis(2-ethylhexyl)phthalate, and tetratetracontane in the sample divided by the peak area of benzophenone-d 10 were lower than those in the solvent control. Methyl palmitate, methyl palmitoleate, methyl linoleate, and squalene were frequently detected at the 4 sampling sites throughout the 12-month test. Of these compounds, methyl palmitate, methyl palmitoleate, and methyl linoleate were specific compounds detected in the Shinano River water that were not found in the river water of Akita Prefecture (Kiguchi et al. 1998) .
RESULTS
DISCUSSION
The mutagenicity of the Shinano River water was found in the test of TA98 +S9, while it was not found in the tests of TA98 -S9 , TA100 +S9, and TA100 -S9. Our findings appear to be in agreement with those reported by several researchers (Sayoto et al. 1990; Otsu et al. 1998) . In other studies, however, compounds adsorbed with XAD-2 from the Shinano River water (Tanaka et al. 1993) or with CSP-800 or PS-2 resin from the Shinano River water when chlorinated (Komatsu et al. 2004) showed positive mutagenicity in the test of TA100. This discrep- ancy may have been caused by the difference of the water samples used in the studies in addition to the difference of adsorbent material. The present study revealed that the mutagenicity of the Shinano River water tended to be higher at the downstream site. A similar result was reported in an earlier study (Komatsu et al. 2004) . Otsu et al. (1998) reported that high mutagenicity of Korean river water was seen in an industrial district. Accordingly, it seems likely that high mutagenicity of the Shinano River water at the downstream site is caused by wastewater from the industrial districts (i.e., Nagaoka, Tsubame, Sanjo, and Niigata cities).
Seasonal changes in the mutagenicity of the Shinano River water were previously reported by Komatsu et al. (2004) . Additionally, previous studies demonstrated that the mutagenicity of tap water in Niigata City (Shibuya et al. 1993 ) and in several other areas of Japan (Urano et al. 1995) tended to be higher in winter than in summer. However, causative factors for seasonal changes of mutagenicity have not yet been defined. Since our study showed similar results, we speculated that when the water temperature is lower, mutagenic substances may be metabolized more slowly in the river water. Because water flow varies with the season, the degree of dilution may vary with the season. Moreover, the fact that mutagenicity was shown in the sediment traps from both river and sea water suggests that mutagenic substances may be attached to the surface of SS in water. It is evident that the mutagenicity of river water is dependent on the SS concentration. To verify this hypothesis, we examined the relationship between the number of revertants and the values of water temperature, transparency, pH, BOD, and SS. We found a significant inverse correlation between the number of revertants and the water temperature (r = -0.461, p < 0.002), while no significant correlations were obtained for the other parameters. Although information regarding the water flow was not obtained in this study, our finding that the mutagenicity correlated with the decreased water temperature may support our hypothesis.
Although the mutagenicity of the Shinano River water was demonstrated by the Ames test, the presence of BAP, 4-nitrotoluene, and benzophenone seemed unlikely, because they were not detected from any of the samples by GC/MS analysis. This finding suggested that other PAHs or compounds in the Shinano River water may be responsible for the mutagenicity. Fatty acid esters (methyl palmitate, methyl palmitoleate, and methyl linoleate) were frequently detected in the Shinano River water in this study. In a research conducted in Akita Prefecture, 83 kinds of organic compounds, i.e., fatty acid, aliphatic hydrocarbons, esters, etc., were identified in the waters of 4 rivers (Kiguchi et al. 1998 ). Kiguchi et al. (1998) suggested that those organic compounds were derived from artificial sources such as kerosene, gas oil, or the like. However, 3 fatty acid esters detected from the Shinano River water were not identified in the river waters in Akita, and thus these esters may be present only in the Shinano River water. In addition, squalene was also considered to be flowing into the Shinano River, because the relative intensity of squalene in the samples was higher than that in the solvent control. Clarifying the pollution source and pollution route of these compounds remains for a future study.
Since the mutagenicity of the Shinano River water tended to be higher in winter, we explored the compounds eluted in December 2004 using a TIC. A specific peak with a 78-93% similarity to fluoranthene or pyrene was detected from the samples at a retention time of 22.9 min. Fluoranthene and pyrene, found mainly in coal tar, are classified as PAHs. Yamauchi et al. (1989) detected a similar peak from the water samples concentrated by blue cotton, using high-performance liquid chromatography. Sayato et al. (1993) reported that a mutagenic fraction containing PAHs such as anthracene, pyrene, and BAP was detected in water from the Katsura River. In addition to these results, pyrene was tested for mutagenicity in strains TA97, TA98, TA100, and TA1537, and mutagenicity was seen in all the strains with S9 (Matijasevic and Zeiger 1985) .
The mutagenicity of fluoranthene, however, is equivocal, with both positive (Kaden et al. 1979; Kinae et al. 1981; LaVoie et al. 1982; Babson et al. 1986; Bos et al. 1988 ) and negative (Tokiwa et al. 1977; Kinae et al. 1981; Bos et al. 1987 ) results reported. In this study, fluoranthene or pyrene was detected only from the samples collected in December 2004. Additionally, the highest mutagenicity was observed in the sample collected at the most upstream sampling site, in December 2004. Although it was not clear whether fluoranthene or pyrene affects the mutagenicity of the Shinano River water in the different month, we considered that this compound was associated with the mutagenicity of the samples collected in December 2004. And this may be derived from oil spilled by the Niigata Chuetsu Earthquake. In the other samples, the relationships between the mutagenicity and the causative substances were not clarified. Our next trial is to demonstrate other mutagenic substances in the Shinano River water.
In conclusion, the mutagenicity of the Shinano River water tended to be higher at the downstream site, and in winter. Fluoranthene or pyrene was associated with the mutagenicity of the samples collected in December 2004, thus showing the positive influence of the Niigata Chuetsu Earthquake. The mutagenicity seen in the other samples may be due to unidentified compounds other than BAP, benzophenone, and 4-nitrotoluene.
